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I .  

MEMORANDUM FOR FILE 

INTRODUCTION 

The E a r l y  Apo l lo  S c i e n c e  Exper iments  Package (EASEP) 
w i l l  be emplaced on t h e  l u n a r  s u r f a c e  by  t h e  a s t r o n a u t  d u r i n g  
t h e  f i r s t  l u n a r  l a n d i n g  (G1 m i s s i o n ) .  The Dust D e t e c t o r  
Experiment  (DDE)  on EASEP has been  s u b s t a n t i a l l y  m o d i f i e d  and 
renamed t h e  Dus t ,  Thermal and R a d i a t i o n  E n g i n e e r i n g  Measurements 
package  (DTREM). T h i s  memorandum w i l l  o u t l i n e  t h e  n a t u r e  o f  
t h e  m o d i f i c a t i o n  and t h e  r e a s o n s  f o r  i t ,  i n c l u d i n g  c o n s i d e r a b l e  
d e t a i l  o f  t h e  t h e r m a l  e n g i n e e r i n g  measurement,  s i n c e  i t  was 
o r i g i n a l l y  p roposed  by t h e  a u t h o r .  

I n  t h e  DDE t h e  power o u t p u t  o f  3 s o l a r  c e l l s ,  2 v e r t i c a l  
and 1 h o r i z o n t a l ,  i s  compared t o  t h e  p r e d i c t e d  power o u t p u t ,  
t h e  power dec remen t s  b e i n g  a measure of  t h e  ( d u s t )  cove red  
area o f  each c e l l .  Each c e l l  i s  accompanied by a t h e r m i s t o r  
b e c a u s e  o f  t h e  s t r o n g  t e m p e r a t u r e  dependence of s o l a r - c e l l  power.  
I n  t h e  DTREM package  t h e  t h r e e  s o l a r  c e l l s  a re  r e d u c e d  i n  area 
and, t o g e t h e r  w i t h  two t h e r m i s t o r s ,  r e p l a c e  t h e  s i n g l e  h o r i z o n t a l  
c e l l .  The r e m a i n i n g  t h e r m i s t o r  i s  r e p l a c e d  by a n i c k e l  
r e s i s t a n c e  thermometer  which remains  v e r t i c a l  b u t  i s  t h e r m a l l y  
i s o l a t e d  from t h e  package  and  views t h e  l u n a r  s u r f a c e  (measu res  
l u n a r  s u r f a c e  t e m p e r a t u r e ) .  The t h r e e  h o r i z o n t a l  c e l l s  have 
v a r i o u s  t h i c k n e s s e s  o f  q u a r t z  c o v e r - g l a s s ,  and hence  measure 
p r o t o n  r a d i a t i o n  damage a t  t h r e e  i n c i d e n t  p a r t i c l e  e n e r g i e s .  
The DTREM package  does  n o t  have t h e  c a p a b i l i t y  of  measu r ing  
d u s t  a c c r e t i o n  on v e r t i c a l  s u r f a c e s ,  e i t h e r  due t o  LM a s c e n t  
o r  l o n g  term p r o c e s s e s .  It can, however,  measure d u s t  d e p o s i t e d  
on h o r i z o n t a l  s u r f a c e s  w i t h  t h e  same r e s o l u t i o n  as t h e  DDE 
package .  

11. REASONS FOR THE THERMAL E N G I N E E R I N G  MEASUREMENT 

The l u n a r  s u r f a c e  t h e r m a l  environment  has been  a ma jo r  
c o n s t r a i n t  on t h e  d e s i g n  o f  t h e  ALSEP/EASEP c e n t r a l  s t a t i o n ,  
power s u p p l y ,  and e a c h  o f  i t s  e i g h t  e x p e r i m e n t s .  The packages  
a r e  t h e r e f o r e ,  to t h e  g r e a t e s t  e x t e n t  p o s s i b l e ,  d e s i g n e d  to be  
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t h e r m a l l y  i s o l a t e d  from t h e  l u n a r  s u r f a c e  t o  p r o v i d e  r e l a t i v e l y  
nar row t e m p e r a t u r e  l i m i t s  f o r  t h e  e l e c t r o n i c s ,  and most expe r imen t  
s e n s o r s ,  d u r i n g  l u n a r  s u r f a c e  o p e r a t i o n s .  N e v e r t h e l e s s ,  t h e  
ALSEP c e n t r a l  s t a t i o n  t h e r m a l  d e s i g n  i s  complex,  and t h e  c e n t r a l  
s t a t i o n  has a modest heat i n p u t  f rom t h e  l u n a r  s u r f a c e  thro l igh  
its s u n s h i e l d  r e f l e c t o r .  The l u n a r  s u r f a c e  i s  a minor  
r a d i a t i v e  heat  s i n k  for t h e  RTG, and t h e  ALSEP p a s s i v e  se i s -  
mometer u s e s  t h e  l u n a r  s u r f a c e  under  i t s  s h r o u d  as a thermal  
c o n t r o l  s u r f a c e .  Also ,  Advanced ALSEP c o n c e p t s  a r e  now b e i n g  
c o n s i d e r e d  and a l t e r e d  t h e r m a l  d e s i g n s  p r o p o s e d .  

I n  view o f  t h e  above,  t h e  a u t h o r  has s u g g e s t e d  t h a t  
a mehsurement o f  t h e  lunar s u r f a c e  t e m p e r a t u r e  be made. O the r  
l u n a r  s u r f a c e  c h a r a c t e r i s t i c s  s u c h  as t h e  t h e r m a l  ( " i n e r t i a ' l )  
p a r a m e t e r  and  t h e  thermal  e m i s s i o n  a n g l e  dependence s h o u l d  b e  
measured if s u c h  measurements p r o v e  p o s s i b l e .  These p e a s u r e -  
ments  would: 

1. M a t e r i a l l y  a s s i s t  t h e  q u a n t i t a t i v e  e v a l u a t i o n  
o f  EASEP/ALSEP l u n a r  s u r f a c e  t h e r m a l  
pe r fo rmance ,  i n c l u d i n g  t h e  e x p e r i m e n t s  and 
t h e  RTG, and i n d i r e c t l y  a i d  i n  ALSEP 
m o d i f i c a t i o n  f o r  Advanced ALSEP's .  

2 .  P r o v i d e  data  on t h e  d e g r a d a t i o n  r a t e  of 
t h e  t h e r m a l  c o a t i n g s  u s e d  or viewed,  
assuming t h a t  d a t a  f rom s e v e r a l  l u n a r  c y c l e s  
i s  c o l l e c t e d .  

3 .  P r o v i d e  an  a d d i t i o n a l  data  p o i n t  for t h e  
l u n a r  l a n d i n g  s i t e ,  p e r h a p s  of a i d  or 
i n t e r e s t  t o  s a m p l e  r e t u r n ,  s p a c e c r a f t ,  or 
a s t r o n a u t  s u i t  e v a l u a t i o n .  

4. P r o v i d e  a s c i e n t i f i c a l l y  i n t e r e s t i n g  d a t a  
p o i n t  s h o u l d  anomal ies  be  e n c o u n t e r e d  and 
i d e n t i f i e d .  

5 .  P r o v i d e  c o r r o b o r a t i o n  and e x t e n s i o n  o f  
e a r l i e r  r e s u l t s  s i n c e  a s i m i l a r  measurement.  
was car r ied  o u t  on S u r v e y o r s  I ,  111, V, V I ,  
and V I I . *  

*See J .  W .  Lucus ,  e t  a l ,  J P L  T e c h n i c a l  Repor t s  TR 32-1023, 
p .  45, TR 32-1177, p .  115, TR 32-1246,  p .  89, TR 32-1262, p .  109, 
TR 32-1264, p .  1 8 7 .  



B E L L C O M M .  INC. - 3 -  

0 

- v  
t 

Although t h e  packages  c a r r y  no  i n s t r u m e n t s  
s p e c i f i c a l l y  t o  measure l u n a r  s u r f a c e  t e m p e r a t u r e s  or s u r f a c e  
t h e r m a l  c h a r a c t e r i s t i c s ,  t h e  ALSEP c e n t r a l  s t a t i o n  c o n t a i n s  
32 the rmomete r s ,  of which 19 are  on t h e  i n t e r n a l  e l e c t r o n i c s ,  
2 on t h e  s u n s h i e l d ,  5 on t h e  (bo t tom of  t h e )  thermal  p l a t e ,  
2 on t h e  v e r t i c a l  s t r u c t u r e ,  2 on t h e  bot tom s t r u c t u r e ,  and 
2 a c r o s s  t h e  m u l t i l a y e r  i n s u l a t i o n  ( thermal  b a g ) .  I n  a d d i t i o n  
t o  t h e s e ,  t h e r e  a r e  6 thermometers  on t h e  RTG,  3 on t h e  Dust 
D e t e c t o r  Experiment  ( D D E )  , and some on e a c h  ALSEP c a n d i d a t e  
e x p e r i m e n t ,  i n c l u d i n g  f o r  example,  one thermometer  on an ASE 
geophone o f  ALSEP 111. The DDE thermometers  a re  un ique  i n  
t h e i r  d e g r e e  of i s o l a t i o n  f r o m  t h e  c e n t r a l  s t a t i o n .  Because 
t h e  s u c c e s s f u l  S u r v e y o r  l a n d i n g s  have r e c e n t l y  r e s u l t e d  i n  
d e c r e a s e d  i n t e r e s t  i n  t h e  l u n a r  d u s t  l e v e l s  above t h e  DDE 
d u s t  measurement r e s o l u t i o n  o f  t5 p e r  c e n t ,  i t  became p o s s i b l e  
t o  p r o p o s e  and  implement a m o d i f i c a t i o n  t o  t h e  DDE which 
improved t h e  DDE the rmomete r ’ s  i s o l a t i o n  from t h e  package  
and improved i t s  c o u p l i n g  t o  t h e  l u n a r  s u r f a c e .  
t i m e ,  t h e  m o d i f i c a t i o n  has been implemented on EASEP on ly  
and  i s  b e i n g  c o n s i d e r e d  for r e t r o - f i t  t o  ALSEP. 

A t  t h e  p r e s e n t  

111. OBJECTIVES OF THE DTREM THERMAL MEASUREMENT 

The measured da t a  w i l l  b e  a n a l y z e d  t o  o b t a i n :  

1. an a v e r a g e  e q u i v a l e n t  b r i g h t n e s s  t e m p e r a t u r e  
o f  t h e  unshadowed l u n a r  s u r f a c e  viewed,  

2 .  an e q u i v a l e n t  r ange  o f  t h e  s u r f a c e  t h e r m a l  

parameter ( k p c )  -”*, where k i s  t h e  t h e r m a l  
c o n d u c t i v i t y ,  p i s  t h e  mass d e n s i t y  and c 
i s  t h e  heat  c a p a c i t y  of  t h e  l u n a r  s u r f a c e  
l a y e r ,  and 

3.  t h e  a n g u l a r  dependence o f  t h e  s u r f a c e  
t h e r m a l  e m i s s i o n .  

To accompl i sh  t h e s e  measurements ,  t h e  s o l a r - c e l l -  
a n d - t h e r m i s t o r  on s i d e  # 3  of t h e  EASEP DDE was r e p l a c e d  b y  a 
h i g h  p r e c i s i o n  n i c k e l  r e s i s t a n c e  thermometer  o f  wide dynamic 
r a n g e  ( 8 4 O K  t o  4 0 8 O K ) ,  and t h e  new DTREM was t h e n  r e o r i e n t e d  
s o  t h a t  s i d e  #3 now f a c e s  ou tboa rd  of t h e  c e n t r a l  s t a t i o n  
t o w a r d  t h e  n o r t h .  The new thermometer  i s  i n s u l a t e d  from t h e  
DTREM s t r u c t u r e  s o  t h a t  i t s  t e m p e r a t u r e  i s  de te rmined  mainly 
by t h e  t h e r m a l  r a d i a t i v e  exchange w i t h  t h e  l u n a r  s u r f a c e  and 
b l a c k  s p a c e .  
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The t h i r d  o b j e c t i v e  i s  d o u b t f u l  on EASEP b e c a u s e  t h e  
thermometer  w i l l  f a c e  n o r t h ,  i . e . ,  normal  t o  t h e  s u n - t o - s u r f a c e  
d i r e c t i o n .  On ALSEP t h e  thermometer  s h o u l d  f a c e  eas t  on a t  
l e a s t  one m i s s i o n  t o  g e t  phase-dependent  da ta  and sun-depeIldent 
c o a t i n g  d e g r a d a t i o n .  

The o u t p u t  o f  o t h e r  t he rmomete r s ,  p a r t i c u l a r l y  t h e  
o t h e r  two thermometers  i n  t h e  DTREM package  and t h e  two on t h e  
ALSEP s u n s h i e l d  ( o r  one on each  EASEP s o l a r  p a n e l ) ,  may m a t e r i a l l y  
a s s i s t  t h i s  a n a l y s i s .  Such a n a l y s i s  n e c e s s a r i l y  i n c l u d e s  a 
d e t a i l e d  e r r o r  a n a l y s i s  f o r  which a f u r t h e r  l o o k  a t  t h e  ALSEP 
t h e r m a l  vacuum t e s t  data  may p r o v e  u s e f u l .  A d d i t i o n a l  t h e r m a l  
t e s t i n g  o f  t h e  DTREM may b e  p roposed  l a t e r  s h o u l d  t h e  p r e l i m i n a r y  
da ta  a n a l y s i s  w a r r a n t  i t .  

It has been proposed  t h a t  t h e  DTREM d e s i g n  be  r e t r o f i t t e d  
t o  t h e  o t h e r  t h r e e  ALSEP f l i g h t  packages ,  and t h i s  p r o p o s a l  i s  
u n d e r  c o n s i d e r a t i o n  by MSC/LSPO. It has been f u r t h e r  p roposed  
t ha t  an a d d i t i o n a l  DTREM thermometer  be  a s s i g n e d  t o  t h i s  e x p e r i -  
ment and t h a t  i t s  dynamic range  and l o c a t i o n  be  s e t  t o  measure 
t e m p e r a t u r e s  needed t o  q u a n t i t a t i v e l y  d e f i n e  t h e  u n a v o i d a b l e  
heat l eaks .  (The heat  leaks  f rom t h e  thermometer  t o  t h e  
DTREM s t r u c t u r e  depend on t h e  s t r u c t u r e  t e m p e r a t u r e  which must 
be  es t imated  i n  l i e u  of  measurement) .  T h i s  l a t t e r  p r o p o s a l  
was n o t  a c c e p t e d  f o r  t h e  EASEP DTREM. 

I V .  DESCRIPTION O F  EQUIPMENT 

The thermometer  i s  a Tylan  n i c k e l  w i r e  r e s i s t o r ,  
n o m i n a l l y  5500 ohms a t  t h e  i c e  p o i n t ,  which i s  connec ted  t o  
g round  and a l s o  t h r o u g h  a 15000 ohm t e m p e r a t u r e  i n s e n s i t i v e  
p r e c i s i o n  d r o p p i n g  r e s i s t o r  t o  t h e  + 1 2  v o l t  +1% r e g u l a t e d  
ALSEP power l i n e . *  The thermometer  v o l t a g e  drop  i s  f ed  t h r o u g h  
t h e  a n a l o g  m u l t i p l e x e r  t o  t h e  ALSEP 8 - b i t  A t o  D c o n v e r t e r  
( 0  t o  5V i n p u t )  and hence  a p p e a r s  once e v e r y  9 0 t h  ALSEP 
t e l e m e t r y  frame (or once every  54.34 s e c o n d s )  as fo rma t  word 33. 
The a d d r e s s  o f  t h e  a n a l o g  c h a n n e l ,  he re  number 5 6 ,  appears i n  
t h e  same format  frame i n  b i t s  2 3  t o  2 9  i n c l u s i v e .  The thermometer  
has a dynamic r ange  o f  4 0 8 O K  (274OF) t o  8 4 O K  (-308OF) and t h e  
AT c o r r e s p o n d i n g  t o  1 / 2  b i t  i s  a lmos t  c o n s t a n t  a t  0.8K0 o v e r  
t h i s  e n t i r e  r a n g e .  Accord ing  t o  t h e  m a n u f a c t u r e r ,  t h e  t e m p e r a t u r e s  
read d i f f e r  f rom a b s o l u t e  t e m p e r a t u r e  s c a l e  v a l u e s  by l e s s  t h a n  

*The +12 v o l t  s u p p l y  i s  measured as a n a l o g  c h a n n e l  number 50 
(or measurement AE-9) 3.62 seconds  b e f o r e  t e m p e r a t u r e  A X - 3  o r  
c h a n n e l  56 i s  measured and s o  i n t r o d u c e s  only  a small  (<1/4%) 
measurement e r r o r .  
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0 .8K0 o v e r  t h e  e n t i r e  r a n g e  s i n c e  t h r e e  c a l i b r a t i o n  p o i n t s ,  t h e  
steam p o i n t ,  t h e  i c e  p o i n t  and t h e  ca rbon  d i o x i d e  p o i n t  
( 3 7 3 . 2 O K ,  2 7 3 . 2 O K ,  and 1 9 4 . 7 O K )  are t a k e n  f o r  e a c h  s e n s o r .  
The thermometer  and i t s  c i r c u i t  have good s t a b i l i t y  c h a r a c t e r i s t i c s  
and  d r i f t  l e s s  t h a n  O.lKo/year .  The thermometer  o u t p u t  i s  n o t  
c o n t r o l l e d  by t h e  DTREM of f -on  commands ( s o l a r  c e l l  a m p l i f i e r s  
o n l y ) .  

- 

The DTREM package  i s  a p p r o x i m a t e l y  a cube 3 .63  cm 
wide x 3.17 cm deep by 4 .08  cm h i g h  o f  G-10 f i b e r g l a s s ,  w i t h  
0 . 2 3  cm t h i c k  walls and w i t h  e a s t ,  west, and v e r t i c a l  a p e r t u r e s  
each 1 . 5  cm x 2.0 cm. See  F i g u r e  1. The DTREM package  has 
been  r o t a t e d  90' c l o c k w i s e  s o  t h a t  a p e r t u r e  #3  f a c e s  n o r t h .  
The t o p  a p e r t u r e  ( # 2 )  i s  covered  by  a k o v a r  shee t  t o  which 
t h e  3 s o l a r  c e l l s  ( t o p )  and 2 t h e r m i s t o r s  ( b a c k )  are  a t t a c h e d ,  
as p r o p o s e d  by D r .  S .  Freden  o f  Manned S p a c e c r a f t  C e n t e r .  The 
s o u t h  a p e r t u r e  (#l) f a c e s  t h e  PSE and i s  cove red  by a dummy 
f i b e r g l a s s  c o v e r .  The n o r t h  a p e r t u r e  ( # 3 )  i s  cove red  by t h e  
t e m p e r a t u r e  d e t e c t o r .  The t e m p e r a t u r e  d e t e c t o r  i s  a 3 .17  cm 
x 2 . 4 4  cm f i b e r g l a s s  c o v e r ,  0 .09 cm t h i c k ,  c o n t a i n i n g  t h e  1 . 5 2  cm 
s q u a r e  wind ing  of  n i c k e l  r e s i s t a n c e  wire  ( t e m p e r a t u r e  s e n s o r )  
0 . 0 3  cm i n s i d e  i t s  f r o n t  s u r f a c e .  The d e t e c t o r  i s  s e p a r a t e d  
f rom t h e  DTREM s t r u c t u r e  by 20 l a y e r s  o f  s u p e r i n s u l a t i o n  ( a b o u t  
0.19 cm t h i c k ) ,  which are p i e r c e d  by a p a i r  o f  t h e r m a l  i s o l a t o r  
s t a n d o f f s  and ny lon  b o l t s .  Each thermal  i s o l a t o r  s t a n d o f f  i s  

L a s t a c k  o f  18 washers, e a c h  o f  a rea  0 . 1 1  cm and t h i c k n e s s  
0 . 0 1  cm. 

The DTREM i s  h e l d  by 2 b o l t s  t o  a f i x t u r e  a t t a c h e d  t o  
t h e  ALSEP s u n s h i e l d  s t r u c t u r e  ( o r  EASEP p r imary  s t r u c t u r e ) .  
The DTRED? f l a t  c a b l e  ( r e e l e d  i n  f l i g h t )  has 17 c o n d u c t o r s  ( 2  
f o r  each  s o l a r  c e l l  and each  thermometer ,  1 s p a r e ,  2 for e a c h  
ALSEP s u n s h i e l d  the rmomete r )  and p l u  s i n t o  t h e  c e n t r a l  s t a t i o n .  
The c a b l e  f a c e s  west i n  t h e  p ropose  7% ASEP d e s i g n .  

V.  SKETCH OF EASEP DATA ANALYSIS 

The l u n a r  s u r f a c e  b r i g h t n e s s  t e m p e r a t u r e  i s  found 
f rom t h e  d e t e c t o r  e n e r g y - r a t e  b a l a n c e ,  i . e . ,  t h e  n e t  r a t e  o f  
e n e r g y  f l o w  o u t  o f  t h e  d e t e c t o r  i s  e q u a l  t o  t h e  n e t  r a t e  o f  
e n e r g y  i n t o  t h e  d e t e c t o r .  We w r i t e  t h e  e q u a t i o n  i n  t h e  form: 

4 -  - '*SD , c T 4 + q  D s s 
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where D s t a n d s  f o r  d e t e c t o r ,  S f o r  l u n a r  s u r f a c e  and 4 
i s  t h e  n e t  a l g e b r a i c  sum o f  a l l  heat  l e a k s  t o  t h e  d e t e c t o r . *  
The t e m p e r a t u r e  d e t e c t o r  s t a n d s  v e r t i c a l l y  on t h e  o u t e r  edge 
o f  EASEP abou t  20 cm above t h e  l u n a r  s u r f a c e  and f a c e s  n o r t h .  
See  F i g u r e  1 and 2 .  The e s t i m a t e d  r a d i a t i o n  c o n f i g u r a t i o n  
f a c t o r s  of  t h e  t e m p e r a t u r e  d e t e c t o r  t o  t h e  v a r i o u s  s u r f a c e s  o f  
EASEP are  l i s t e d  i n  T a b l e  I. T a b l e  I1 i s  a l i s t  o f  t h e  f a c t o r s  
c o n t r i b u t i n g  t o  4 w i t h  so?e wors t - case  es t imates  o f  t h e i r  
magni tude .  
t h e  l u n a r  s u r f a c e  b r i g h t n e s s  t e m p e r a t u r e  (Ts f o r  
found from t h e  e q u a t i o n  a t  each  s u n  a n g l e .  To t h e  e x t e n t  t h a t  
t h e  hea t  leaks i n  Table  I1 can b e  measured o r  a c c u r a t e l y  
es t imated,  t h e y  can  be a p p l i e d  as c o r r e c t i o n s  t o  measured 

S i n c e  TD and q a r e  measured or can be  c a l c u l a t e d ,  
= 1) i s  

A s  a f i r s t  c u t  a t  an e r r o r  e s t i m a t e ,  w e  
might r e g a r d  t h e  r e l a t i v e  e r r o r  o f  e a c h  h e a t  l e a k  t o  be abou t  
10%. The sum o f  t h e  l e a k s  a t  l u n a r  noon i s  17.6 mW/cm2 s o  
t a k i n g  t h e  e r r o r  as 1 . 8  and t h e  c o r r e c t e d  measured s u r f a c e  
e m i s s i o n  as 55 .0 ,  t h e n  t h e  s u r f a c e  t e m p e r a t u r e  e r r o r  i s  +3K0 
a t  l u n a r  noon. 

v a l u e s  o f  E ~ u T ~  4 . 

V I .  OPERATIONAL SUPPORT REQUIRED 

To a c h i e v e  t h e  e s t i m a t e d  a c c u r a c y ,  t h e  c o n f i g u r a t i o n  
f a c t o r  FSD must b e  known t o  w i t h i n  1%. 
e s s e n t i a l  t h a t  a s t e r e o  p a i r  o f  p i c t u r e s  be t a k e n  of t h e  dep loyed  
EASEP o r  ALSEP. The p i c t u r e s  must be  t a k e n  from t h e  s o u t h  
s ide  o f  EASEP p o i n t i n g  toward t h e  n o r t h  s o  t h a t  t h e  l u n a r  s u r f a c e  
view o f  t h e  DTREM thermometer  can  b e  a c c u r a t e l y  d e t e r m i n e d .  
Because EASEP i s  i n  t h e  p i c t u r e s ,  t h e  s t e r e o  base n e e d  n o t  b e  
measured o u t  and s u c c e s s i v e  p i c t u r e s  f rom d i f f e r e n t  l o c a t i o n s  
i s  s u f f i c i e n t .  

V I I .  IMPLEMENTATION PLAN 

It i s  t h e r e f o r e  

An e f f e c t i v e  s t e r e o  b a s e  o f  50 em i s  s u g g e s t e d .  

The a u t h o r  w i l l  work on t h e  e r r o r  a n a l y s i s  and da t a  
a n a l y s i s  scheme e s s e n t i a l l y  f u l l  t ime u n t i l  t h e y  a re  u n d e r s t o o d  
and are ready f o r  t h e  computer.  Computer a n a l y s i s  o f  data  
t a p e s  i s  assumed ( a b o u t  1 6 , 0 0 0  t empera tu res /mon th  da ta  f o r  
EASEP) . 

* E  i s  t h e  h e m i s p h e r i c a l  e m i s s i v i t y ,  o i s  Bol tzmann ' s  
c o n s t a n t ,  T t h e  a b s o l u t e  t e m p e r a t u r e  and F t h e  c o n f i g u r a t i o n  
f a c t  o r .  
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P r e s e n t  a c t i v i t y  i n v o l v e s  i n p u t  t o  DDE s p e c i f i c a -  
t i o n  changes f o r  EASEP and p robab ly  s e v e r a l  v i s i t s  t o  MSC and 
S p e c t r o l a b ,  t he  hardware s u b c o n t r a c t o r  t o  MSC. 

The r e s u l t s  o f  t h i s  measurement w i l l  be  r e p o r t e d  
i n  an a p p r o p r i a t e  MSC document. Fo r  t h e  60-day qu ick - look  
r e p o r t ,  i t  i s  e x p e c t e d  t h a t  a c u r v e  of  s u r f a c e  b r i g h t n e s s  
t e m p e r a t u r e  v e r s u s  t i m e  w i l l  be  p roduced  u s i n g  t h e  da ta  f rom 
t h e  f i r s t  month. 

f //Ud 
2015-PJH-kse P .  J .  Hickson 

At tachments  
T a b l e s  I and I1 
F i g u r e s  1 and 2 



TABLE I 

S u r f a c e  EASEP 

( p l a n e )  l u n a r  s u r f a c e  0 .43*  

b l a c k  s k y  a 0 . 3 4  
1 

ALSEP 

0 . 5  

0 . 5  

E s t i m a t e d  R a d i a t i o n  C o n f i g u r a t i o n  F a c t o r s  f rom 

t h e  Tempera ture  D e t e c t o r  t o  Var ious  S u r f a c e s  

# I n c l u d e s  shadowed and unshadowed l u n a r  s u r f a c e .  The 
l u n a r  s u r f a c e  shadowed by t h e  solar p a n e l s  would have a c o n f i g u r a -  
t i o n  f a c t o r ,  depend ing  on s u n  a n g l e ,  between 0 . 0  and 0 .25 .  



TABLE I1 

Worst-case E s t i m a t e d  Power I n p u t s  t o  

t h e  DTREM Temperature  D e t e c t o r  on EASEP 

Q u a n t i t y  
Lunar  Noon S u n r i s e  (IOo s u n )  

2 Value ,  mW/cm 2 Value ,  mW/cm 

l u n a r  s u r f a c e  e m i s s i o n  

c o n d u c t i o n ,  t h e r m a l  i s o l a t o r s  
I R  e m i s s i o n ,  c a r r y  h a n d l e  
d i r e c t  s o l a r ,  (5 '  t i l t )  
I R  e m i s s i o n ,  west s o l a r  p a n e l  
I R  e m i s s i o n ,  boom 
I R  e m i s s i o n ,  a s t r o n a u t  h a n d l e  
c o n d u c t i o n ,  n y l o n  b o l t  
d i r e c t  s o l a r ,  t o p  edge  
s o l a r ,  r e f l e c t e d  from l u n a r - s u r f a c e  
c o n d u c t i o n ,  s e n s o r  leads 
s e l f - h e a t i n g  
c o n d u c t i o n ,  s u p e r i n s u l a t i o n  
S o l a r ,  d i f f u s e  r e f l e c t i o n ,  c a r r y  

s o l a r ,  d i f f u s e  r e f l e c t i o n ,  boom 
s o l a r ,  d i f f u s e  r e f l e c t i o n ,  

I R  e m i s s i o n ,  shadowed l u n a r  

h a n d l e  

a s t r o n a u t  h a n d l e  

s u r f a c e  

55 .0  

5.2* 

3.0 
2.3 
1.8 
1.6 
0 . 8  
0 . 8 *  

0.8 
0.6 
0.4* 

0.3 
--- 

--- 
--- 

--- 

3 .7  

2 . 3  
0.09 

0.14 
0.10 
0.16 

2.4 

1.3 

0.6  

*Assumes t h e  t e m p e r a t u r e  d e t e c t o r  t o  DTREM s t r u c t u r e  
t e m p e r a t u r e  d i f f e r e n c e  i s  l O K o .  



w 
n 
a - 
L 

0 
W 
L 
‘W a 
c 



t 



BELLCOMM, I N C .  

S u b j e c t :  An E n g i n e e r i n g  Measurement t o  O b t a i n  From: P .  J .  Hickson 
t h e  Lunar  S u r f a c e  Thermal C h a r a c t e r -  
i s t i c s  on EASEP/ALSEP by A n a l y s i s  
o f  Thermometer Data f rom t h e  Dus t ,  
Thermal and  R a d i a t i o n  E n g i n e e r i n g  
Measurement Package (DTREM) 

DISTRIBUTION LIST 

Complete Memorandum t o  Complete Memorandum t o  

NASA H e a d q u a r t e r s  

Messrs. R .  J .  Allenby/MAL 
D .  A .  B e a t t i e / M A L  
E .  M .  Davin/MAL 
R .  J .  Green/MAL 
J .  B .  Hanley/MAL 
T .  A .  Keegan/MA-2 
L.  J .  Kosofsky/MAL 
B .  Milwitsky/MAL 
W .  T .  O'Bryant/MAL 
L.  R .  Scherer/MAL 
W .  E .  Stoney/MA 
D.  U. Wise/MAL 

Langley Research  C e n t e r  

Messrs. T .  W .  E .  Hankinson/ l59 
W. S. Slemp/187 

Manned S p a c e c r a f t  C e n t e r  

Bendix Aerospace - Ann Arbor  

Messrs .  R .  Burns 
D .  C o u r t o i s  
J .  Gedge 
P .  Georgopulos  
J .  McNaught on 
K .  Nore 
R .  D .  Ormsby 
G .  P s a r o s  
R .  Sims 
G .  Weather red  

Boeing S c i e n t i f i c  Resea rch  
Labora t  o r i e s  

M r .  J .  M .  S a a r i  

Hughes A i r c r a f t  Corp o r a t i o n  

M r .  R .  R .  G a r i p a y  

Messrs. J .  R .  Ba te s /TG5  J e t  P r o p u l s i o n  Labora to ry  
A. J. Calio/TA 
S. C .  Freden/TG Messrs. J .  E.  Cone1/183-501 
P.  D. Gerke/TD3 W .  A .  Hagemeyer/157-507 
D .  G r e e n s h i e l d  J .  W .  Lucas/157-205 
H .  R .  Grider/TD3 ( 5 )  J .  W .  Smith/157-507 
R .  S .  Harr is /ES16 
W .  N .  Hess /TA 
B. G .  Jackson/TE 
G .  P .  Kenney/TD5 
J .  W .  S m a l l / T D  
D. G .  Wiseman/TD 

Lamont-Doherty G e o l o g i c a l  
Obse rva to ry  

D r s .  M .  Langse th  
G .  Latham 

Marshall Space  F l i g h t  C e n t e r  M a s s a c h u s e t t s  I n s t .  o f  Tech. 

Dr. B. P.  Jones /4481 D r .  G .  Simmons 



BELLCOMM. I N C .  

S u b j e c t :  An E n g i n e e r i n g  Measurement t o  O b t a i n  From: P .  J .  Hickson  
t h e  Lunar  S u r f a c e  Thermal  C h a r a c t e r -  
i s t i c s  on EASEP/ALSEP by A n a l y s i s  
o f  Thermometer Data from t h e  Dus t ,  
Thermal and R a d i a t i o n  E n g i n e e r i n g  
Measurement Package (DTREM) 

DISTRIBUTION LIST 

Complete Memorandum t o  Complete Memorandum t o  

Nor throp  C o r p o r a t i o n  

Mr. G .  V i t k u s  

Spec t r o l a b  

Messrs. J .  D .  Gum 
E .  D .  S t e e l e  

Ty l a n  C o r p o r a t i o n  

M r .  D .  B .  LeMay 

Bellcomm, I n c .  

Messrs. F. G .  A l l e n  
G .  M.  Anderson 
D.  R .  Anselmo 
C .  Bidgood 
A .  P .  Boysen, Jr. 
J .  0.  C a p p e l l a r i ,  Jr. 
K .  R .  C a r p e n t e r  
D .  A .  Chisholm 
D .  A .  Corey 
C .  L .  Davis 
J .  S.  Dohnanyi 
J .  P .  Downs 
S .  S .  Fineblum 
J .  Fox 
J .  G i l l e s p i e  
D.  R .  Hagner 
W .  G .  H e f f r o n  
J .  J .  H i b b e r t  
R .  H .  H i l b e r g  
N .  W .  H i n n e r s  
T.  B.  Hoeks t r a  
B .  T .  Howard 
D.  B .  James 
A .  N .  K o n t a r a t o s  
B .  H .  L i ebowi tz  

Bellcomm, I n c .  

Messrs. M .  L i w s h i t z  
H .  S .  London 
P .  F .  Long ( 2 )  
D .  Macchia 
E .  D .  Marion 
J .  L.  M a r s h a l l  
J .  Z .  Menard 
V .  S .  Mummert 
J .  M .  Ne rv ik  
B .  G .  N i e d f e l d t  
G .  T .  Orrok 
C .  A .  P e a r s e  
J .  W .  Powers 
P .  E .  Reynolds 
B .  E .  S a b e l s  
J .  A .  Sax ton  
J .  A .  S c h e l k e  
F .  N .  Schmidt  
P .  F.  Sennewald 
E .  N .  S h i p l e y  
R .  V.  S p e r r y  
W .  B .  Thompson 
J .  W .  Timko 
G .  B. T r o u s s o f f  
A .  R .  Vernon 
J .  E .  Vo lon te  
R .  L.  Wagner 
J .  E .  Waldo 
C .  P .  Wi tze  
D .  B .  Wood 
G .  M .  Y a n i z e s k i  

A l l  Members Department 2015 
Department 1 0 2 4  F i l e  
C e n t r a l  F i l e  
L i b r a r y  

A b s t r a c t  Only t o  

Bellcomm, I n c .  

M r .  I .  M .  Ross 


